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0 * ^xsmms 

This invention proposes a method of constructing a microchannel heat 
pipe spreader or a microchannel loop heat pipe with an enclosing metal case. 
This method retains the advantages of both the metallic thermal devices and the 
microchannel thermal devices. The devices constructed in the said method are 
easy for mass production, easy to evacuate, long-term vacuum-tight, smaller 
pressure drop in liquid flow, and structurally stronger than pure silicon-based 
microchannel devices. Also proposed are embodiments of microchannel heat 
pipe spreaders and microchannel loop heat pipes with the internal structure 
consisting of a wick evaporator and plates etched with microchannels. 
Microchannels are adopted to reduce the friction force on the liquid flow, so that 
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dry-out in the evaporator may be avoided up to higher heat loads. To further 
reduce the fiction force on liquid motion, an evaporator made of micro pin-array 
wick can be adopted. The said microchannel heat pipe spreaders can be easily 
integrated with fins and fans to serve as a cooling device. The said 
microchannel loop heat pipes are thin, light-weighted, and easy for loop port 
connecting. To further enhance cooling capability, hybrid arrangements can be 
easily realized by inserting traditional heat pipes into the metal walls of the 
flat-plate loop heat pipe. A part of the heat can then be transported to remote 
locations such as the outer shell, the keyboard, or other internal metal structures. 
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' teI^#l*^Jl^i##&* ' « Pentium 4 CPU ' 
50-60W • JL^te^A. ' #r2!#J CPU^&;f$P*8i& 100W - $*M££ 

&Jfc(heat sinks) * Kj^^(heat spreaders) * & j»#fa#&*J*h)IUfc 

>5r^. e,&i££-$c&5i&;>7 (fti&Pfl • Thermacore Inc.f^# ifc # Therma-Base 
^>*.>to 0 a'73^-^^^#^^fe (flat-plate heat pipe spreader) 
K ' fc£»&*j*T*L*fcft • * a #**fe^St 80W/cm 2 . Ttt*-3H* 
*SftA • *1fc1fr*J^4i3£*»n 1 ' &»» 102 8 103 ^ 

%Lj&mK ioi ^itj o 105 » © 



103 ftf #4JwM*£ 105 *MO 3Mt ' *tft^ 

diameter)^/J>fl&Jf*o » tej&f&^Bf ^^^RH./7 Jl']4W***;&» ' 
3W^J.^aH«t«»4t3*»«.#4»*»»#» 103^|fc&4^S^#£IMb(dry 

out) . ft ° 

^v-^CPU a B B>i#^^^>i^^fet ' ft*fc*ft&*#*friifc*. ' ifc^M, 
**»ft*M*tf **3t*»***«ttfl ' 4fcTflaHl« 

#*S!fc*A**ft*&-Miftto* (*»*B**Wfc 4,770,238 * £B 
*#i^ft 4,880,052 * &B**«l^ft 5,219,020- J^B^^ft 5,642,775 * #L 
B#*i*« 5,697,428 > &B**4?ft 6,148,906 * A*B 6,293,333 

*) tft&*aHBA*«^**aiL» ' JLftMWtoftfc- B*jRa#twsft* 

fttfnTSi^iSj^ ' -titi'JBfe^Ccritical)^^^ ' #31 & 

(entrainment) » |BJ&ifcft4t4*<w# ' ittfij^/&|£4t ffij ° Jkm&tb 

m4k& > 75#4*^^^^(capillaiy pumped loop, CPL)^3E3^^^^(loop 
heat pipe, LHP)#$# » gj 2 ^-#^^5^^^^ Kitt** * ffl • 

IS 201 > 4**9^202 - &ftiM.203 - i&*£tt£U&8 
204 - EJ 35.jfcftii.it 205 A».ft*iftt: 206(compensation chamber) <> $LJ-ft 
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* 1 4L#.*t*n* £ 206 75 ffl ^m^ftfh bhp d-aMt^ft^sa^^it. t # «. 

It* ' ig&M-Hlt/fb - J^B**']^* 6,381,135 |%ft ^imJ&^&^fl^ 

+ ^*#^^$Li&6<F«:^^M»^*L(micro heat pipe spreader) g 
1984 T. P. Cotter 3% ft . « G. P. Peterson ft ffl HMttfT %&. ' 
a o itbm^^#ffl^^^^B a B BI(wafer)Ji^.J ft ttfflifo&jk ft 
HJ-^/^^itit ' iia«4a^#f tt&BIJi • «.jfc#^(bonded)a3?4t <> * 

m.&ffi&3ffi.^M3&A1&^ (micro loop heat pipe)s£»^^te3S.^^micro 
capillary pumped loop)tt«ttt*U£di » #£**kS>I ft #$b7fci£&4t4Jfe^*&^ 
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#a^- a B a ia>H ®Mu®.jt&&.t.m®m> 6, 443,222 ^ 

dissipation in the lateral direction) • >£;&^##5&a£^?IMS.+ ' ^^"^^a^^, 
J3-&^4£ f" tttfctK *»H3>;tfJl*£# e^k5'J JL^t^itM^^ a B a ID Ji 301 ,302 
' t (separator) 302 . 4Ln*m#Lfrm#J$MiALm. 306 

*&*Uftit 307 . ^Ji#j5Sl^3t##^ • 304 305 ^#]4Mt 

#B*r#^i.#-*h£.fl&-t ' «.&« 304|MMfc303;te& ' ^ fir 305 

aoi«^^r*ffcsh • &&&&&&& ftwfaitik*m ' ■*rm%M-&fi 

$l|&(heat dissipation in the thickness- wise direction) • J£j$MKjS Is] » itb 
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T##J&f£^Li£4» $#rEJ£»J&#il 3 3 jL_L^T^. 

*:^fe«P^6(r^i*>&ft*J*4»*9« 7 Jl^^ihjJ.^#^ 3- ******* t 

Thermacore Inc.#; Therma-Base 1 3r&^.M^J§ tM^^t^tl'J 
^|2-i7^'J> 0 ®jb rs T : mM&it1foWM&L*%$L4b » &^it$']fct Therma-Base 
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"^TiEffl ^4 (metal mesh cloth) ^ (sintered metal fiber cloth) ; 
*—&&&t±fi\4ut*&Mtmcro pin-array wick) » «4Bblfc€ $L3&i3yMfc3r 

«talLit: 4 >JL 5 ^PH^f ' ftn&m - PMMA > #*fc*Tft;8frjR#|ft 

ffi 5A A*I&:&3M& 10 ^.60 Ji«.B(top view) » ffi 5B £-irl&«8.*Ms. 9 
^.WT^LBKbottom view) ( ifr^i.**.**) • ® 5A t^jFtlt^^tT 

a « » io 60 ««t $ ^ *4» *• «. s Fai 



m^ffl • *bfr*#J 1 ' ^^*^#J 1 (fcb&B 6A) ^ 
3EW«t3Slit 5 ffi-#3fc4Js&PB| 14 * &Mm^ - 

B 8#^jLiM>7SutM^&fe i, i ' * r ^^&£*b**MM*>i 

nCcompensationwick)^^^^^^^ ( # 0 &#^J*3-SP £ ffl 



m&ifc&ttffi® ° M ' *aa*3,*#«*l->f- ' 3&.f£#«r B4J*^ 

EJtfL**ttf*&-21 »it 3I4«M' -*P#*ft*MS. 10 

_L^# ' *&4.*9*t 7 *JR^LatW«tafLit. 5 Aifcttflbftit 4 &$>j&&g 3 ; # 
-£n*&&Af-S& 22%L&&) &ft4L3&.&1&3L&n(remDte heat exchanger)^ 

( fct&ffl 9) 60i.*J:»I^ir^J 1 " &**fc#J 1 ' 

ffl 12 ft^-ifrJiife^^ti^m^iitW^.^^ 20 Aftttfteg-g- 
tfl^tm • **J+J»*#LftS4Mfc*fctf 23 » -J**A.ft*«a6 10 t ' #it 
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&3*fcft ' *baf -h«PSM^-3fi^>*L^W«t>7fliJi 5 > ' 
IS 13 • + ' a^&*^ISLA*t««P>** 

JiiC^J^^ft^ 30 ^-sraH#^ft#^ ' ^f^fc^ffl 14^ • 

s&Mfa - %m?v%L - &&&&&& w&M&mtik&^fri&i ° **m**u& 

4fc#|^B##'J^« 6,381,135 «.4^5g^ft*^Iil o 



m^mmmmi 

(exploded view) ° 

m 4B ' ^H^ffl 4A *4L4t*4.*t4*4t& 

ffl 4C — - ^TMI 4A t^A*f4^^ ° 

n 5A ^^A^^^^M^m^M^j^^m (it;******)- 

ffl 7B *B 7A t«t«Litjfc^ J4*M&tt*H&&H • 

ffl 8 ^#B^ +^&fc&1&&&jf&fa$?r%L&mZ • 

ffl 12B j^BQ 12A + ?T$frfcl##M8l«BI • 



m 13 z-m&A&^^mwxj&gL&m • 

m 14B &|fl 14A tf^I^MSl ° 

l, l M" ^it^^^^«^J 
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20, 20 - ^^Li^m^itMJ^^.^^ 
20v #jD&X^bfti£^i&^&;f 

21 SL^tflft^Jft- 

22 &ft^S& 
23 

30 -3@5g-^^^^#J 

ioi ^faQ&^^%fa$i;i&%m)\&4rmim$L 

102 

103 4»»>&*8 

104 8 

105 4»»»&Ht 

201 

202 ^JaM^ 
203 

204 &$&m%B 

205 EJ^ttitiJt 

206 fe&mffi-Mi 

301 «*l«b)fU£#&II!J* 
302 
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307 ^^>^tit 



1. -*ft*Mt* » mm^ftvfc&ttite&4b&^to*ft*hititt3&m.1ibM. 
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10. *>JMN<fHM&9 8 4Lft*ltt •fa^^^ait*-^***^^ • 

12. *o-£*»Jtff3&® 11 ^i|fcjfc|t*»te*t^#S*«t38fe*W4.lw#*#- 

13. *>#*lttt&H H4L*jfc|t*'^4b4«*+*-Ml.ifc**lt^- 
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17. *o**»J**frl£ffl 15 4^Kt^|tt'^^JI«®t^«.*t'jB#^^- 

18. *p-£#<Jfffr&ffl 16 I ' f S 1 1 Attif^^f » 
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